UNCLASSIFIED 


AD 


277  384 


RepJioduced 
luf,  the 

ARMED  SERVICES  TEHNICAL  INFORMADd  AGENCY 
ARLINGTON  HALL  STATId 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoeverj  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  sed.d  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  lapllcation  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


GO 

CO 

!>• 


AFCRL-62-372 


CO 


277  384 


TR  62-255.1 


STUDY  OF  ADSORPTION  OF  GASES  ON  SOLIDS 
IN  THE  HIGH  VACUUM  RANGE 


O 


O 

CO 


FIRST  SCtiNTIFIC  REPORT 


JANUARY  1,  1962  — - - MARCH  31,  1962 


AF  19(628)331 


PREPARED  FOR 


A  S  T  I  A 
'h  ■  '.'r.i)  m  ' 

*  Qh  ’ 

u  s-rrtsiHJ 

TliiA 


AIR  FORCE  CAMBRIDGE  RESEARCH  LABORATORIES 
OFFICE  OF  AEROSPACE  RESEARCH 
LAURENCE  O.  HANSCOM  FIELD 
BEDFORD,  MASSACHUSETTS 


GENERAL  TELEPHONE  &  ELECTRONICS  LABORATORIES 


BAYSIDE  LABORATORIES,  BAYSIDE,  NEW  YORK 


"Requests  for  additional  copies  by  Agencies  of  the 
Department  of  Defense,  their  contractors,  and  other 
Government  agencies  should  be  directed  to  the: 

ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12.  VIRGINIA 


"All  other  persons  and  organizations  should  apply  to  the: 

U.  S.  DEPARTMENT  OF  COMMERCE 
OFFICE  OF  TECHNICAL  SERVICES 
WASHINGTON  25,  D.  C." 


AFCRL -62-372 


TR  62-255. 1 


STUDY  OF  ADSORPTION  OF  GASES  ON  SOLIDS 
IN  THE  HIGH  VACUUM  RANGE 


SCIENTIFIC  REPORT  NO.  1 
Jan\iary  1,  1962  —  March  31,  1962 

AF  19(628)  331 


Prepared  for 

AIR  FORCE  CAMBRIDGE  RESEARCH  LABORATORIES 
OFFICE  OF  AEROSPACE  RESEARCH 
LAURENCE  G.  HANSCOM  FIELD 
BEDFORD,  MASSACHUSETTS 

Issued:  April  30,  1962  Prepared  by; 

C,  M.  Bliven 

Approved  by:  Jk 

T.  G.  Polanyi 


General  Telephone  &  Electronics  Laboratories  Inc 
Bayside  Laboratories,  Baysidet  New  York 


TABLE  OF  CONTENTS 


Page 

ABSTRACT 

1.  OBJECTIVE  1 

2.  BACKGROUND  1 

3.  TECHNICAL  APPROACH  3 

3. 1  Vacuvim  System  3 

3.2  Pressure  Measurements  4 

3.3  Sample  Treatment  7 

4.  MEASUREMENTS  8 

4. 1  Preliminary  Measurement  8 

4.2  Adsorption  Isotherms  8 

4.  3  Lifetime  of  Adsorbed  Atoms  10 

4.  4  Mixed  Adsorption  10 

5.  FUTURE  V^ORK  11 


ABSTRACT 


An  ultra-high  vacuum  system  is  described  which  was 
designed  to  perform  surface  adsorption  studies  in  the 
region  of  extremely  low  pressures.  Provision  has  been 
made  for  the  controllable,  contamination-free  admission 
of  gases  into  the  system,  and  for  the  measurement  of 
the  composition  and  amount  of  gas  present  with  an 
omegatron  mass  spectrometer. 

Construction  of  the  system  has  been  initiated  and  all 
concomitant  instrumentation  has  been  ordered. 


1.  OBJECTIVE 


To  establish  the  laws  governing  adsorption  of  gases  in  the  very 
low  pressure  range. 


2.  BACKGROUND 

Theoretical  and  experinmental  investigations  of  surface  phenom¬ 
ena  are  very  difficvilt  problems.  Theoretical  treatments  of  surface 
problems,  i.  e.  physical  adsorption,  chemisorption,  photoelectric  and 
thermionic  work  functions,  reflection  of  electrons  at  surfaces,  etc.  are 
receiving  new  impetus  owing  to  the  progressive  development  of  more 
refined  quantum  mechanical  models  of  the  surface  and  the  availability 
of  computing  facilities.  Experimentally,  investigations  of  surfaces  are 
very  exacting;  ultra-high  vacuum  techniques  must  be  used  auid  the  condi¬ 
tion  of  the  samples  must  be  carefully  investigated  as  to  surface  condi¬ 
tions.  It  is  only  very  recently  that  advances  in  experimental  techniques 
have  reached  a  point  where  meaningfiil,  i.  e.  reproducible,  experiments 
on  surfaces  can  be  obtained. 

In  the  field  of  physical  adsorption  and  chemisorption  of  gases 
on  surfaces  the  vast  majority  of  the  experimental  data  were  obtained  at 
fairly  high  pressures  (about  lO"^  Torr  and  above),  amd  the  conditions  of 
the  surfaces  were  not  well  defined.  In  many  cases,  powders  or  amorphous 
materials  were  used.  In  cases  where  low-pressure  gas  adsorption  was 
investigated,  vincertainties  relating  to  the  gas  composition  used  in  the 
experiments  cannot  be  eliminated. 

In  these  Laboratories  high- vacuum  instrvimentation  and  tech¬ 
niques  were  developed  permitting  us  to  measure  dynamically  and  con¬ 
tinuously  the  gas  composition  in  high-vacuum  ambients  in  the  pressure 
range  to  10”^  Torr. 


These  techniques  are  based  on  the  study  of  the  omegatron  mass 
spectrometer  as  a  tool  for  measuring  partial  pressures  of  gases  in  vacuum 
systems.  The  operating  characteristics  of  omegatrons  were  investigated 
extensively  and  the  capability  of  this  instrument  to  measure  in  detail  the 
composition  of  the  vacuum  ambient  in  the  10“^  to  10"^®  Torr  range  was 
demonstrated.  ^  It  was  also  shown  that  any  pressure -measuring  instru¬ 
ment,  including  the  omegatron,  will  change  the  vacuum  ambient;  however, 
it  was  also  shown  that  the  omegatron  will  contribute  less  to  changes  in 
vacuum  ambient  than  any  ionization  gauge  owing  to  its  inherently  lower 
ionizing  current  requirements.  The  importance  of  this  characteristic 
of  the  omegatron  of  requiring  an  ionization  current  of  only  one  micro¬ 
ampere  for  full  sensitivity  cannot  be  over-emphasized.  This  small 
ionizing  current  entails  a  small  pumping  speed.  The  very  small  power 
required  for  the  filament  reduces  outgassing  and  gas  reaction  phenomena. 
While  the  ionizing  current  of  one  microampere  for  full  sensitivity  cannot 
easily  be  reduced,  the  power  input  to  the  filament  can  probably  be  reduced 
by  at  least  a  factor  of  10  by  design  improvements.  Such  a  reduction  in 
power  would  reduce  further  reactions  at  the  filament.  In  many  cases 
where  measuring  instruments  using  filaments  with  large  power  input  and 
high  ionizing  currents  are  employed,  the  instrument  itself  may  hopelessly 
alter  the  vacuiun  situation. 

Additional  important  characteristics  of  the  omegatron  are 
extreme  simplicity  of  construction,  employment  of  very  few  materials, 
and  ease  of  high-temperature  processing. 

It  was  noted  during  our  investigations  that  the  gas  ambient  is 
strongly  dependent  on  the  history  of  the  vacuum  system,  i.e. ,  the  gases 


1.  "Operational  Data  on  the  Omegatron  as  a  Vacuum  Analyzer,  " 
W.  R.  Watson,  R,  A.  Wallace  and  J,  M.  Lech,  I960,  Seventh 
Symposium  on  Vacuum  Technology  Transactions. 


to  which  it  has  been  exposed.  It  was  noted  for  instance,  that  when  N2  is 
admitted  to  a  system  previously  evacuated  to  10“ 9  Torr,  the  analyzing 
instrument  will  show  for  a  considerable  length  of  time  that  there  is  an 
increase  in  the  pressure  of  argon  displaced  from  the  wall  by  the  other 
gas  admitted.  Any  heating  of  materials,  closing  or  opening  of  a  valve, 
mechanical  movement  inside  the  vacuum  system,  etc.  will  alter  the  gas 
composition  inside  the  system  in  a  practically  lanforeseeable  manner 
unless  a  partial-pressure  analyzer  is  used.  Measurements  of  adsorption 
of  gases  on  well  characterized  and  cleaned  surfaces  will  be  undertaken  in 
the  little -explored  range  of  10“^®  to  lO"^  Torr;  these  investigations  will 
be  performed  while  the  gas  composition  in  this  range  of  pressure  is  con¬ 
stantly  analyzed  by  means  of  the  omegatron  techniques  mentioned  above. 
The  increased  availability  of  large-size  single  crystals  of  various  metals 
such  as  W,  Mo  and  Ta  may  enable  one  to  measure  the  adsorption  of  gases 
on  selected  crystal  planes. 

The  data  obtainable  by  these  investigations  will  be  specifically 
suited  for  comparison  with  theory  and  therefore  will  be  of  importance  in 
advancing  knowledge  of  surfaces. 

The  understanding  of  vacuum  ambients  and  of  surfaces  is  be¬ 
coming  progressively  more  important  in  several  fields  such  as  plasma 
physics,  space  physics  and  generally  in  many  problems  of  experimental 
physics.  From  an  application  point  of  view,  advances  in  both  solid-state 
and  vacuum  electron  devices  require  further  \inder standing  of  surface 
properties . 


3.  TECHNICAL  APPROACH 

3.  1  VACUUM  SYSTEM 

A  block  diagram  of  the  ultra-high  vacuum  system  designed  to 
perform  surface  adsorption  studies  is  shown  in  Fig.  1. 
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R1  is  the  sample  chamber  whose  temperature  can  be  regulated 
by  appropriate  means.  Separate  means  are  provided  for  cleaning  and 
heating  the  sample.  R4  is  in  communication  with  an  omegatron,  an 
ionization  gauge  (IGl),  an  ion  pump  (IPl)  through  an  expendable  "harp" 
HVl,  and  with  reservoir  R2  through  a  bakable  high- vacuum  valve  VI. 

R2  is  in  communication  with  an  ionization  gauge  IG2,  an  ion  pump  IP2 
through  "harp"  HV2,  and  through  a  bakable  high-vacuum  valve  with  gas 
reservoir  R3.  R3  is  in  communication  with  the  gas  sample  ampoules 
and,  through  harp  valve  HV3,  with  an  oil  diffusion  pump  trapped  with  two 
Biondi  molecular  sieve  traps  in  series. 

The  entire  system  above  the  oil  diffusion  pump  can  be  baked  at 
temperatures  up  to  450°C  for  prolonged  periods  as  required  to  obtain 
ultimate  vacua  well  below  10"^®  Torr.  The  harp  mentioned  above  is 
shown  schematically  in  Fig,  2.  Its  purpose  is  to  provide  either  communi¬ 
cation  between  pumps  and  systems  through  the  capillary  tubing,  or  isola¬ 
tion  by  being  sealed  off.  Provision  is  made  for  re-establishing  communi¬ 
cation  by  opening  a  break  seal  and  using  a  second  capillary.  In  principle, 
as  many  alternative  paths  as  desired  may  be  provided. 

3.2  PRESSURE  MEASUREMENTS 

Pressure  measurements  in  the  system  will  generally  be  made 
with  the  omegatron  using  existing  calibration  data  whenever  available; 
additional  calibration  data  may  be  required.  Since  the  present  omegatron 
has  a  partial-pressure  sensitivity  limit  of  about  10"^®  Torr,  and  ioniza¬ 
tion  gauges  usually  have  a  lower  limit  for  total  pressure  in  the  neighbor¬ 
hood  of  10“^^  Torr,  lower  pressures  than  these  will  be  measured  by 
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means  of  the  "flash  filament"  techniques.  This  consists  of:  (1)  flashing 
a  tungsten  filament  to  a  high  temperature  so  that  all  desorbs  from  it, 

(2)  exposing  the  cold  clean  filament  for  an  interval  of  time  to  the  ambient 
gases,  and  (3)  flashing  the  filament  and  measuring  the  burst  of  gas  with 
a  ballistic  circuit.  This  technique  will  be  improved  upon  in  our  experi¬ 
ments  by  determining  the  composition  of  the  "flashed"  off  gases  by  means 
of  the  omegatron.  It  is  apparent  that  by  choosing  progressively  longer 
times  for  collecting  gases  on  the  filament,  ultimate  vacua  and  their 
composition  can  be  estimated  many  orders  of  magnitude  below  the  ultimate 
sensitivity  of  the  omegatron  or  of  ionization  gauges. 

3.3  SAMPLE  TREATMENT 

Samples  to  be  investigated  will  generally  be  metals;  however, 
insvilators,  particularly  glasses,  may  also  be  investigated.  The  prob¬ 
lems  connected  with  sample  cleaning  and  sample  surface  characteristics 
will  vary  according  to  the  type  of  material  used.  Initial  studies  should 
preferably  be  performed  on  W  and  Mo,  which  can  be  cleaned  by  high- 
temperature  flashing  of  ribbons  of  these  materials.  In  other  cases, 
special  cleaning  techniques  will  be  investigated,  e.g.  electron  bombard¬ 
ment,  ion  bombardment,  etc.  Surface  conditions  will  be  investigated  by 
electron  diffraction  techniques  and  other  appropriate  analytical  techniques. 
In  cases  where  the  cleaning  of  the  surfaces  is  doubtftal,  as  may  be  the 
case  for  instance  with  relatively  low -melting -point  materials  such  as  Pt 
or  Ni,  it  may  become  necessary  to  develop  special  methods  for  testing 
surface  reproducibility.  A  possible  method  is  to  measure  the  work  f\uic- 
tion  of  the  material  using  it  as  an  electron  collector;  this  method  is 
relatively  simple  and  is  very  sensitive  to  surface  changes. 

The  sample  after  cleaning  must  be  brought  to  the  temperature 
at  which  the  adsorption  isotherm  is  measured.  This  will  be  done  by 
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immersion  of  the  sample  chamber  R1  in  appropriate  constant -temperature 
baths.  Since  liquid  helium  is  available  in  our  Laboratory,  adsorption 
isotherms  can  be  measured  at  appropriate  temperature  intervals  from 
4.  Z°K  to  the  highest  temperatures  compatible  with  the  materials. 

4.  MEASUREMENTS 

4.  1  PRELIMINARY  MEASUREMENT 

The  basic  study  will  consist  of  measuring  the  adsorption  iso¬ 
therms  described  below,  A  number  of  preliminary  measurements  will 
be  required  such  as: 

a.  The  relative  sensitivities  of  the  ion  gauges  used  in  the 
course  of  our  work. 

b.  Calibration  of  selected  ion  gauges. 

c.  Measurement  of  the  surface  adsorption  properties  of  the 
glass  8  Tuple  chamber. 

d.  The  effect  on  the  gaseous  ambient  of  the  omegatron  and 
ion  gauges. 

4.2  ADSORPTIOIN  ISOTHERMS 

The  basic  measurement  will  consist  in  determining  the  low- 
pressure  adsorption  isotherms  as  a  function  of  temperature.  Schemati¬ 
cally,  this  measurement  will  be  performed  as  follows:  with  all  valves 
open,  the  syste.n  is  pumped  and  baked  \antil  a  vacuum  below  10“^®  Torr 
is  obtained.  Degassing  of  sample,  omegatron  and  I.  G.  filaments,  etc. 
are  part  of  this  phase  of  the  operation.  To  obtain  the  desired  vacuum, 
the  system  will  be  isolated  by  valve  HV3  from  traps  and  pumps  and  the 
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ion  pumps  iPl  and  IPZ  used  which  later  will  be  isolated  from  the  system. 
During  these  operations  the  sample  is  periodically  flashed  at  very  high 
temperature  or  otherwise  cleaned.  When  the  desired  high  vacuur.i  is  ob¬ 
tained  the  test  gas  is  admitted  to  the  reservoir  system  between  valves 
VI  and  V2,  Valve  VI  is  opened  to  admit  a  given  amount  of  gas  into  the 
sample  chamber,  and  a  state  of  equilibrium  is  reached  with  the  test 
chamber  at  the  test  temperature.  Subsequently  the  sample  is  allowed  to 
reach  temperature  equilibriiurn  with  the  walls.  During  this  time,  adsorp¬ 
tion  takes  place  and  the  pressure  of  the  gas  decreases,  at  which  time 
valve  VI  is  opened.  The  time  t  required  to  re-establish  equilibrium  at 
the  test  pressure  is  then  measured.  The  product  Q  =  t  x  x  a*  where 
Pr2  is  the  pressure  in  R2  and  s  is  the  conductance  of  the  valve  V2,  gives 
the  qxiantity  of  gas  adsorbed  on  the  filament.  A  knowledge  of  the  area  of 
the  filament  then  gives  atoms  adsorbed  per  unit  area.  During  the  entire 
process  the  detailed  gas  composition  is  monitored  with  the  omegatron. 

In  principle,  the  ideal  experimental  condition  is  obtained  when 
the  only  change  in  the  system  in  which  adsorption  takes  place  is:  filament 
hot  (and  clean)  — >  filament  cold  (and  initially  clean).  In  practice,  some 
slight  temperature  variation  of  the  walls  of  the  vessel  may  take  place. 
Corrections  for  this  effect  will  be  sought,  if  necessary,  by  estimating  the 
possible  temperature  rise  of  the  inside  wails  and  the  consequent  effects. 

A  measurement  or  determination  of  this  wall  effect  will  permit  one  to 
deduce  from  the  time  rate  of  pressure  decreases,  in  the  experiment  of 
4.2,  the  sticking  probabilities  of  the  atoms  on  the  surface  as  a  fimction 
of  surface  coverage  and  temperature.  Studies  must  also  be  made  of  the 
pumping  speed  of  the  omegatron  for  the  gas  system  under  investigation 
and  of  possible  sources  of  contaminations,  and  appropriate  corrections 
introduced. 
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4.  3  LIFETIME  OF  ADSORBED  ATOMS 

A  second  type  of  experiment  consists  of  flashing  the  sample 
filament  after  adsorption  has  taken  place  and  measuring  the  desorbed 
amount  of  gas  by  following  the  time  rate  of  increase  of  pressure  in  the 
vessel.  An  objection  to  such  a  measurement  may  be  raised  owing  to  the 
fact  that  the  temporary  increase  in  concentration  of  the  gas  will  affect  the 
amount  of  gas  adsorbed  on  the  walls  of  the  container  and  therefore  this 
measurement  is  not  a  true  indication  of  gas  desorbed  from  the  sample. 

One  may  argue,  however,  that  the  walls  of  the  container  are  certainly 
covered  already  with  a  monolayer  of  the  test  gas  (owing  to  the  method  of 
experimentation)  and  that,  therefore,  it  is  very  likely  that  any  addition 
of  gas  to  the  walls  will  take  time  which  is  long  in  comparison  to  the 
response  time  of  the  measuring  instrviment,  which  is  limited  only  by  the 
electronic  circuitry.  This  question  can  be  settled,  however,  by  com¬ 
paring  the  quantitites  of  gas  desorbed  from  the  sample  with  the  quantities 
adsorbed  on  the  sample  and  determined  in  the  measurement  of  4.2,  If 
the  desorption  is  quantitative  and  representative,  this  type  of  measurement 
will  be  performed  and  thus  permit  one  to  determine  lifetimes  of  atoms  on 
a  surface  as  a  function  of  surface  coverage  and  temperature. 

4.4  MIXED  ADSORPTION 

Li  the  experiments  of  4.2  and  4.3,  a  partial-pressure  measur¬ 
ing  instrument  (the  omegatron)  is  used,  in  addition  to  high  vacuiom  tech¬ 
niques,  to  determine  adsorption  isotherms  in  a  relatively  little  explored 
range  of  pressures.  The  presence  of  the  omegatron  permits  one  to  check 
continuously  the  gas  composition^thus  eliminating  errors  of  identification 
almost  impossible  to  avoid  as  our  experience  in  high  vacuvun  work  with 
an  omegatron  has  demonstrated.  Presence  of  foreign  gases  in  such  ex¬ 
periments  is  particularly  objectionable  in  the  low-pressure  range,  since 
it  may  falsify  completely  the  phenomena  studied. 
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The  availability  of  an  appropriate  mass  spectrometric  tool  si).ch 
as  the  omegatron  permits  one,  however,  to  perform  more  complicated 
and  extremely  interesting  experiments  with  a  plurality  of  gases. 

Using  an  appropriate  combination  of  the  techniques  of  4.2  an<^ 

4.  3  one  can  study  the  effect  on  the  adsorption  characteristics  of  one  gas 
owing  to  partial  coverage  of  the  surface  with  a  second  gas.  Similarly, 
one  can  investigate  the  desorption  of  a  monolayer  of  one  gas  as  a  con¬ 
sequence  of  bombarding  the  surface  with  another  gas.  An  interesting 
sequence  might  be,  for  example.  He,  Ne,  At,  Xe  or  He,  H^,  N2»  CO^t 
CO,  etc.  For  the  study  of  such  phenomena  it  is  imperative  that  an  appi'o- 
priate  mass  spectrometer  be  employed.  The  variety  of  such  mixed  ad¬ 
sorption  phenomena  which  can  be  studied  with  the  technique  here  suggested 
requires  a  very  careful  selection  of  the  systems  to  be  investigated. 

Selection  of  adsorbent-adsorbate  system  will  follow  a  critical 
study  of  pertinent  literature.  The  experimental  data  obtained  from  these 
measurements  will  be  critically  evaluated  for  their  validity  and  a  com¬ 
parison  of  experiments  with  theory  will  follow. 

5.  FUTURE  WORK 

An  ultra-high  vacuum  system  adapted  to  measure  adsorption 
rates  of  gases  on  cleaned  surfaces  of  solids  in  the  pressure  range 
to  10“^  Torr  will  be  placed  in  operation.  The  composition  of  the  gas  am¬ 
bient  will  be  monitored  with  an  omegatron  mass  spectrometer;  the  vacuum 
system  will  generally  conform  to  the  schematic  diagram  of  Fig.  1. 
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ARL  (Technical  Idhrary) 

Building  450 

Vftright-Patterson  APB,  Ohio 

Commanding  General 
USASRDL 

Ft.  Monmouth,  N.  J. 

Attn;  Tech.  Doc.  Ctr. 

sigra/sl-adt 

Department  of  the  Army 

Office  of  the  Chief  Signal  Officer 

Washington  25,  D.  C. 

S]]GRD-4a-2 

Conmanding  Officer 
Attn;  0RDTI^012 

Diamond  Ordnance  flize  Lahoratorles 
Washington  25,  D.  C. 

C!ommandlng  General 

U.S,  Army  Ordnance  Missile  Coinnand 

Redstone  Arsenal,  Alahama 

Attn;  Technical  Idhiaiy 

ASTIA  (TIPAA) 

Arlington  Sail  Station 
Arlington  12,  Virginia 

National  Aeronautics  and  Space  Agency 
1520  H.  Street,  N.  W. 

Washington  25,  D.  C, 

Attn;  Lihraiy 


I 


I 
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Code 
G  109 

M  6 

N  9 

N  29 

I  292 

AF  253 

Ar  107 

G  8 

M  63 

N  73 


Organization  No. 

Director 

Langley  Research  Center 

National  Aeronautics  and  Space  Administration 
Langley  Field,  Virginia 

AFCRL,  OAR  (CRIPA-Stop  39) 

L.  G.  Hanscom  Field 
Bedford,  Massachusetts 

Chief,  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  2^,  D.  C, 

Attn:  DLL- 31 

Director  (Code  2027) 

U.  S.  Naval  Resear^  laboratory 
Washington  25,  D.  C. 

Director,  USAF  Project  RAND 

The  Rand  Corporation 

1700  Main  Street,  Santa  Monica,  Cal. 

Thru:  A.  F.  Liaison  Office 

Technical  Infonaation  Office 
European  Office,  Aerospace  Research 
Shell  Building,  kj  Cantersteen 
Brussels,  Belgium 

U.  S«  Army  Aviation  Human  Research  Unit 
U.  S.  Continental  Army  Command 
P.  0.  Box  428,  Fort  Rucker,  Alahama 
Attn:  Maj.  Ame  K.  KLlasson 

Idhraiy 

Boxilder  laboratories 
National  Bureau  of  Standards 
Bovilder,  Colorado 

Institute  of  the  Aerospace  Sciences,  Inc. 

2  East  64th  Street 
New  York  21,  New  York 
Attn:  Librarian 

Office  of  NavsO.  Research 
Branch  Office,  London 
Navy  100,  Box  39 
F.  P.  0.  New  York,  N.  Y, 


of  Copies 

1 

10 

2 

2 

1 

1 

1 

2 

1 


10 
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Code 
U  32 


u  431 


Organization 

Massachusetts  Institute  of  Technology 
Research  Laboratory  of  Electronics 
Building  26,  Room  327 
Cambridge  39>  Massachusetts 
Attn:  John  H.  Hewitt 

Alderman  Library 
University  of  Virginia 
Cheirlottesville,  Virginia 


No,  of  Copies 


1 


1 


AKL9(628)-331 


List  H-H 


Code 

Organization 

No.  of  Copies 

AP  113 

WADD  (WWRNRE-3) 

Wri^it-Patterson  APB,  Ohio 

1 

AP  301 

RADC  (RCLTP-W.  C.  Quinn) 

Griff iss  APB,  N.  Y. 

1 

AP  329 

Hq.  ARDC  (RDH-62) 

Reference  4619-  Ca 

Andrews  APB,  Washington  25,  D.  C. 

2 

Ar  33 

Coinmazidlng  Officer 

U.  S.  Axtay  Signal  R  &  D  laboratory 

Pbrt  Monmouth,  New  Jersey 

Attn:  SIGRA/sI/<FRI 

Clilef,  Techniques  Branch 

1 

Ar  35 

Commanding  Officer 

Diamond  Ordnance  FUse  lehs 

Connecticut  at  Van  Ness  Street,  N.W. 

Washington  25,  D.C. 

Attn:  Mr.  J.  M.  Stlnchfield,  Physicist,  Br.  920 

1 

Ar  36 

Conraandlng  Officer 

Diamond  Ordnance  P^e  Lahs 

Connecticut  at  Van  Ness  Stareet,  N.  V* 

Washington  25,  D.  C. 

Attn:  Martin  J.  Reddan 

Tube  Branch,  930 

1 

G  34 

Nation  Bureau  of  Standards 

Electronics  Division,  Electron  Tube  Sec. 
Washington  25,  D.  C. 

Attn:  Mr.  W.  B.  Hallday 

1 

G  35 

Dr.  G.  P.  Rouse,  1.2 

National  Bureau  of  Standards 

Washington  25,  D.  C. 

1 

G  65 

National.  Aeronautics  and  ^6u:e  Administration 
1520  H.  Street,  N.  W. 

Washington  25,  D.  C. 

Attn:  07-446 

2 

G  ^0  Advlsoiy  GroiQ)  on  Electron  Devices  (AGED) 

Office  of  the  Director  of  Defense  Res.  &  Eng. 
346  Broeidway,  8th  ELoor 
New  York  13,  New  York 


2 
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Code 
I  367 

I  368 

I  369 

I  370 

I  371 

I  387 

I  kl£ 

I  kl7 

1  l^75 

I  479 


Organization  No,  of  Copies 

Stanitord  Research  Institute 

Document  Center 

Menlo  Park,  California 

Attn;  Acquisitions  1 

General  Electilc  Cong)any 
P.  0.  Box  1088 
Schenectady,  Nev  Yoxk 

Attn:  Mr,  R.J.  Bondley  1 

Sv5)erpower  Microwave  Tube  Lab. 

Sylvanla  Electronic  Tubes 

Division  of  Sylvania  Electric  Products  Inc, 

Emporium,  Pennsylvania 

Attn:  R.  E.  Palmateer  1 

General  Telephone  and  Elect"^nlcs  lab,  Inc, 

Bayside,  New  York 

Attn:  T.  G.  Polanyi,  Head  Themionlcs  Branch  1 

BatteUe  Memorial  Institute 
505  King  Avenue 
Columbus,  Ohio 

Attn:  Report  Library  1 

Tung-Sol  Electric,  Inc. 

Chatham  Electronics  Division 

630  West  Mt,  Pleasant  Avenue,  Livingston,  Nev  Jersey 
Attn:  Mr.  B»  F.  Steiger  1 

Radio  Corporation  of  America 
Tube  DiviBlon 
Msurlon,  Indiana 

Attn:  Mrs.  Barbara  Nuss,  Librarian  1 

Raytheon  Conpaiv 
55  Chapel  Street 
Newton  J6,  Mass. 

Attn;  Mr.  Paul  W.  Stutsman  1 

Briggs  Associates 
10  Dekalb  Street 
Norristown,  Pennsylvania 

Attn;  Mr.  T,  H.  Briggs  1 

Westinghouse  Electric  Corp.  (Tube  Division) 

Bath-Han«aondsport  Road 
Bath,  New  York 

Attn:  Lt.  Richard  W,  Trueswell 


1 


Code  Organization 

I  816  GenereQ.  Electric  Con^tany 

Electronic  Components  Division 
One  River  Road,  Schenectady,  New  York 
Attn:  Dr.  N.  J.  HavScins,  Room  201,  Building  269 
Tube  Technology  Engineering 

N  37  Office  of  Naval  Research 

Department  of  the  Navy 
Washington  2^,  D.  C. 

Attn:  Code  427 

N  79  Chief,  Bureau  of  Ships 

Dep8u:ttaent  of  the  Navy 

Tubes  &  Semiconductors  Unit,  Code  69IAI 
Wash  23,  D.  C. 

Attn:  R.  A.  Hill 

N  80  Comnander 

New  York  Naval  Shipyard 
Navy  Material  Lab. 

Biooklyn  1,  New  York 

Attn:  Mr.  S.  Friedman,  Code  923 

N  81  T.  E.  Hanley 

Code  5241 

Naval  Research  Laboratory 
Wash  25,  D.  C. 


No.  of  Copies 


1 


1 


1 


1 


1 


Remaining  copies  to:  Hq..  AFCRL,  OAR  (CRRCFV,  J.H.  Bloom) 

L.  G.  Hanscom  Field,  Bedford,  Mass. 


